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Abstract
Summary: Phenopolis is an open-source web server providing an intuitive interface to genetic and
phenotypic databases. It integrates analysis tools such as variant filtering and gene prioritisation based
on phenotype. The Phenopolis platform will accelerate clinical diagnosis, gene discovery and encourage
wider adoption of the Human Phenotype Ontology in the study of rare genetic diseases.
Availability and Implementation: A demo of the website is available at https://phenopolis.github.io.
If you wish to install a local copy, source code and installation instruction are available
at https://github.com/pontikos/phenopolis. The software is implemented using Python, MongoDB,
HTML/Javascript and various bash shell scripts.
Contact: n.pontikos@ucl.ac.uk
Supplementary information: Supplementary data are available at Bioinformatics online.
1 Introduction
The molecular diagnosis of rare genetic diseases requires detailed clinical
phenotypes and processing of large amounts of genetic data. This
motivates large-scale collaborations between clinicians, geneticists and
bioinformaticians across multiple sites where patient data are pooled
together to increase the chances of solving rare cases, and validating novel
genes. For example, the UK Inherited Retinal Dystrophy Consortium
(UK-IRDC) has set up a collaboration between London, Manchester,
© The Author 2015. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 1
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Pubmed, Exomiser or Phenogenon gene scores (Supplementary section
6).
3.2 Research application: HPO signature per gene
Given a sufficiently large and phenotypically diverse collection of cases,
gene to phenotype patterns start emerging. In order to assign phenotype
associations per genes based on our patient database, we have developed
a gene-based HPO enrichment and visualisation tool, Phenogenon,
(Figure 1.C). We have also integrated the existing SimReg tool, which
suggests a characteristic phenotype per gene (Greene et al., 2016). Both
methods work on a filtered list of variants and are explained in detail in
the Supplementary sections 4 and 5.
3.3 Research application: genes ranked per HPO term
Individuals with the specified HPO term and their solved gene are listed
on this page. We retrieve the list of known disease genes from the gene-
HPO/OMIM mapping [2] and we score these genes with Phenogenon
to assess their support in our dataset. Furthermore, we rank all genes
according to their Phenogenon score fo this HPO term to enable gene
discovery in our dataset.
4 Discussion
There are currently several closed-source commercial online alternatives
that provide variant filtering and prioritisation, for example Saphetor
[4], Congenica [5] and Omicia [6]. However their costs limit broad
usage and they are not readily extensible. There are also open-source
alternatives such as Seqr [7] and Gemini (Paila et al., 2013) but currently
neither provides full integration with HPO. As it stands, Phenopolis is
an ideal platform for studying pleiotropic genes (Supplementary Figure
3) and how variation in different parts of the same gene could lead to
different seemingly unrelated phenotypes . In the next iteration of our
software, we plan to intergrate tissue expression databases, allowing for
genes and transcripts to be prioritised by cell type when the disease
affects a specific tissue type. Furthermore, we are working on including
copy number variation data, inferred from exomes using ExomeDepth
(Plagnol et al., 2013). We also plan on interfacing with the Genomics
England GenePanel app to retrieve relevant genes and contribute novel
disease genes. Collection of phenotypes and prioritisation of genes can
help elucidate which features are informative for a particular gene and
warrant close inspection in clinic. The systematic chronological ordering
of patient features obtained from clinical history can be informative in
discerning between conditions which might appear similar, for example
rod-cone and cone-rod dystrophy. Currently, a limitation to obtaining
detailed phenotypes for our retrospective cases is the manual input of
HPO terms and we are investigating data mining of health records to pull
data efficiently. Given the utility of this software within the UK-IRDC, we
hope it will be of use to other groups collaborating on the genetics of rare
diseases.
URLs
1. https://github.com/konradjk/exac_browser
2. http://compbio.charite.de/jenkins/job/hpo.annotations.monthly/
3. https://sph.uth.edu/Retnet
4. www.saphetor.com
5. www.congenica.com
6. www.omicia.com
7. https://seqr.broadinstitute.org/
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Fig. 1. A. Overview of the pipeline. HPO-encoded phenotypes are entered using Phenotips. The Variant Call 
Format files are annotated by the Variant Effect Predictor and translated to JSON for import into MongoDB. 
OMIM, Pubmed and ExAC data are also imported into the Mongo database, on which we run the 
PubmedScore, Exomiser, SimReg and Phenogenon to score the genes. A Python Flask server is used as the 
front-end to display the four entry points to the website. B. Venn diagram visualisation of HPO-gene overlap 
highlighting ARL2BP . C. Phenogenon visualisation of gene ARL2BP (recessive mode). The size of the circles 
is inversely proportional to the p-value. Clicking on the nodes brings up information about the individuals 
and variants. “Rod-cone dystrophy” and “Nyctalopia” are significantly enriched for ARL2BP with respective p-
values of 0.00172 and 0.00051.  
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